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[MASS PRODUCTION 
ENCAPSULATION EQUIPMENT 
AND METHOD FOR ORGANIC 
LIGHT EMITTING DISPLAY 

DEVICES] 

Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 90125885, 
filed on 2001/10/19. 

Background of Invention 

[0001] Field of the Invention 

[0002] The invention relates in general to a mass production encapsulation method, and 
more particularly, to a mass production encapsulation equipment and method for 
organic light emitting display devices. 

[0003] Description of the Related Art 

[0004] After the American company Kodak disclosed the organic light emitting device 
(Appl. Phys. Lett., Vol. 1 5, p.91 4 (1 987)), University of Cambridge in England 
successfully applied polymer materials to light emitting devices in 1 990 (Nature, Vol. 
347, p.539 (1990)). The foundation for practical application of light emitting devices 
was thus established. This has attracted great attention from industrial, academic and 
official institutions in various countries, and subsequent research and development 
has commenced. 

[0005] o 

Having the features of self-luminescence, wide view angles (1 60 ), high 
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response speed, low driving voltage and full color, the light emitting devices are the 
flat panel display technique for the next century. Currently, the organic light emitting 
device has been developed practically to the application stage, and is believed to be 
the color flat panel for the next generation. The high-level product applications of 
such flat panel light emitting devices includes full color flat panel display devices, 
such as small display panels, outdoor display panels, computer and television screens. 
As the technique has only lately been developed, only the Japanese company Pioneer 
has a smaller product on the current market. It indicates that some problems have to 
be overcome for commercializing the light emitting display, especially for mass 
production. 

[0006] The current development of the technique related to the organic light emitting 
devices is focused on the device and material structure. Development of the 
encapsulation process technique, especially the process using a cover plate to 
encapsulating the light emitting display panel, can hardly be found, not even to 
mention mass production thereof. Prior art that has discussed the encapsulation 
technique of organic light emitting devices is found as follows. 

[0007] 1 . In US Patent No. 5,882,761 filed by Pioneer, an encapsulation method for an 

organic light emitting device is disclosed. A moisture absorbing material is applied in 
this encapsulation method. However, nothing related to mass production has been 
suggested. 

[0008] 2. US Patent No. 6,049,1 67 filed by TDK also disclosed a packaging method of an 
organic light emitting device. The moisture material is not included, however, and the 
equipment of the packaging process disclosed in this patent is applicable for batch 
equipment only. It is suitable for lab operation, but is not suitable for mass 
process. 

[0009] 3. The encapsulation method disclosed in US Patent No. 5,958,778 filed by IBM 

includes using multiple protection films and glass or metal for device packaging. It is 
very difficult to mass produce the multiple films, so that the method provided by IBM 
is again not suitable for mass production. 

[0010] 

4. In US patent No. 5,962,962 filed by Idemitsu, the encapsulation method of 



APP ID=1 0064524 



Page 2 of 26 



organic light emitting device uses inert liquid to fabricate the device. Further, 
moisture absorption material is added in the inert liquid. However, all the materials 
have to be dehydrated to obtain a proper effect, so that the technique disclosed by 
Idemitsu is not suitable for mass production. 

[001 1] US Patent No. 5,990,61 5, improved on the encapsulation method for organic light 
emitting devices disclosed by Pioneer and Idemitsu by electroplating a protection 
layer. However, the disadvantage of the methods disclosed by Pioneer and Idemitsu 
still exists. 

[001 2] According to the above, the conventional encapsulation method does not suggest 
a method for mass production, or the technique of the conventional packaging 
method cannot achieve mass production. 

Summary of Invention 

[001 3] The present invention provides mass production encapsulation equipment and 
method. The encapsulation equipment comprises a transporting system, a panel 
supply system, multiple dispensing systems, a turning/storage system, a cover plate 
supply system, a lamination/ultra-violet radiation system and an ultra-violet radiation 
system. The above systems are linked by the transporting system. A panel supplied 
from the panel supply system is transported into the turning/storage system to make 

a 1 80 ° turn. The flipped panel is transported into each dispensing system alternately 
for resin coating thereon. The panel that has been coated with resin through each 

dispensing system is then transported into the turning/storage system again. The 

turning/storage system can store at least one panel to provide the buffer function for 

mass production equipment. Therefore, process waiting for problems caused by 

inconsistent process speeds for various stages can be resolved. The panel is 

transported from the turning/storage system to the lamination/ultra-violet radiation 

system, and the first stage exposure is performed while the panel is aligning 

laminated with a cover plate supplied by the cover plate supply system. The cover 

plate can optionally be also coated with the resin. The second stage exposure is then 

performed on the panel in the ultra-violet radiation system. 

[0014] 

The present invention applies multiple dispensing systems to coat resin 
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simultaneously, so that the dispensing speed is enhanced. The distance between the 
dispensing syringe and the panel is measured by laser. Therefore, the distance 
between the dispensing syringe and the coating object can be precisely controlled. 
Further, the resin quantity to be coated can also kept constant. 

[001 5] By performing two-stage exposure, the problems of overheating the ultra-violet 

light exposure equipment and extending exposure time can be resolved, and the yield 
for ultra-violet exposure is increased. 

[0016] In addition, in the above mass production encapsulation equipment and method 
of the light emitting display device, the allocation of the panel supply system and the 
cover plate supply system can be exchanged to coat resin on the cover plate for mass 
production encapsulation. 

[001 7] Both the foregoing general description and the following detailed description are 
exemplary and explanatory only and are not restrictive of the invention, as claimed. 

Brief Description of Drawings 

[001 8] Figure 1 is a schematic drawing of a mass production encapsulation equipment for 
organic light emitting display devices in the first embodiment of the invention; 

[0019] Figure 2A and Figure 2B shows two methods to perform lamination in the 

lamination/ultra-violet radiation system in the first embodiment of the invention; 

[0020] Figure 3 shows the process flow of mass production encapsulation for organic 
light emitting devices in the first embodiment of the invention; 

[0021] Figure 4 is a schematic drawing of a mass production encapsulation equipment for 
organic light emitting display devices in the second embodiment of the invention; 

[0022] Figure 5A and Figure 5B shows two methods to perform lamination in the 

lamination/ultra-violet radiation system in the second embodiment of the invention; 
and 

[0023] Figure 6 shows the process flow of mass production encapsulation for organic 
light emitting devices in the second embodiment of the invention. 
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Detailed Description 

[0024] An organic light emitting display panel and a cover plate are provided. The 

material of the organic light emitting display panel and the cover plate include glass, 
plastic, acrylic, polymer or metal. The dimension of the panel and the cover plate is 
about 400mm x 400mm, 370mm x 470mm, or 200mm x 200mm with a thickness of 
about 1.1mm, 0.7mm, or 0.55mm. 

[0025] Referring to Figure 1 , the first embodiment of a mass production encapsulation 
equipment for organic light emitting display devices is shown. The mass production 
encapsulation equipment for organic light emitting display devices includes an 
atmosphere control system 100. The atmosphere control system 100 comprises a 
panel supply system 102, at least one dispensing system 104a and 104b, a 
turning/storage system 106, a cover plate supply system 108, a lamination/ ultra- 
violet (UV) light radiation system 1 10, an ultra-violet radiation system 1 12, and a 
transporting system 114. The atmosphere control system 1 00 controls the whole 
system to operate in a nitrogen or other inert gas environment. A gas circulating and 
purifying system is incorporated to keep moisture level under 1 OOppm and the 
oxygen level under 500ppm. Preferably, the moisture and oxygen levels are kept 
under 1 Oppm. The transportation for the panels and the cover plate between the 
above systems is performed by the transporting system 114, such as a conveyance 
belt or a mechanical arm. 

[0026] Referring to Figure 1 , an organic light emitting display panel is delivered into the 
atmosphere control system 100 from the panel supply system 102. The panel is 

turned 1 80 ° in the turning/storage system 106. The turned panel is then coated with 
resin in at least two sets of dispensing systems 1 04a and 1 04b. The dispensing 

systems 1 04a and 1 04b comprise at least one syringe, preferably comprise multiple 

syringes, for example, four or eight syringes to coat resin on a surface of the panel. 

The resin includes an ultra-violet cure resin. The syringes are controlled by a program 

to automatically position along X, Y and Z directions for coating resin in different 

patterns. By adjusting the working distance with the laser measurement, the 

advantage of maintaining a constant amount of resin is obtained. The ultra-violet cure 

resin can be coated on the panel but also can be optionally coated on the cover plate. 
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[0027] The panel through the dispensing systems 1 04a and 1 04b is then turned and 

stored in the turning/storage system 106. The turning/storage system 106 not only 
turns the panel using a mechanical arm (without manual operation) before it enters 
the dispensing systems 104a and 104b, but also stores panels which have been 
coated by the dispensing systems 1 04a and 104b. The process waiting problems 
caused by inconsistent processing speed can thus be resolved by the buffer function 
provided thereby. 

[0028] Further referring to Figure 1 , the panel is transported into the lamination/ultra- 
violet radiation system 1 1 0 to be aligned with the cover plate. A pressure is then 
applied to perform lamination. 

[0029] Referring to Figures 2A and 2B, a pressure 204 is provided to laminate the panel 
200 and the cover plate 202. The space between the panel 200 and the cover plate 
202 is not controlled, or controlled by adding a spacer. Another method to control the 
space between the panel 200 and the cover plate 202 includes mechanical positioning 
control. A pressure 204 provided for lamination remains unchanged when the panel 
200 and the cover plate 202 are positioned. The aligning method for lamination 
includes a mechanical positioning method or optical charge-coupled device. The 
pressure source includes a mechanical pressure source, gas pressure source or 
hydraulic pressure source. In addition, an ultra-violet light 206 is radiating while the 
lamination process is performed. The first stage exposure is thus performed on the 
resin between the panel 200 and the cover plate 202. 

[0030] After the lamination is stable, the transporting system 1 1 0 transports the panel to 
the ultra-violet radiation system 1 12 for the second stage exposure. Meanwhile, the 
ultra-violet radiation system 1 12 provides an ultra-violet light for curing the resin. 
The transporting system 1 14 then delivers the encapsulated panel of the organic light 
emitting display into a product removal system for subsequent cutting and testing. 

[0031] In this embodiment, the positions of the organic emitting display panel and the 
cover plate can be exchanged. That is, the positions of the panel supply system 102 
and the cover plate supply system 108 are exchangeable. To save the space, the panel 
supply system 102 and the cover plate supply system 108 can also be used as a 
product removal system for removing the encapsulated products. 
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[0032] Referring to Figure 3, a process flow for the mass production of encapsulation for 
organic light emitting display devices is shown. The process flow includes the steps of 
panel supply S300, panel turning S302, panel dispensed S304, panel storage S306, 
cover plate supply S308, lamination of panel and cover plate S31 0, first stage 
exposure S312, second stage exposure S314 and product removal S316. By using 
multiple dispensing systems to perform dispensing resin, the buffer function of 
turning/storage system, and two stages of exposure, automatic mass production is 
obtainable. 

[0033] An organic light emitting display panel and a cover plate are provided. The 

material of the organic light emitting display panel and the cover plate include glass, 
plastic, acrylic, polymer or metal. The dimension of the panel and the cover plate is 
about 400mm x 400mm, 370mm x 470mm, or 200mm x 200mm with a thickness of 
about 1 .1 mm, 0.7mm, or 0.55mm. 

[0034] Referring to Figure 4, the second embodiment of a mass production of 

encapsulation equipment for organic light emitting display devices is shown. The 
mass production of encapsulation equipment for organic light emitting display 
includes an atmosphere control system 400. The atmosphere control system 400 
comprises a cover plate supply system 402, at least one dispensing system 404a and 
404b, a turning/storage system 406, a panel supply system 408, a lamination/ultra- 
violet (UV) light radiation system 410, an ultra-violet radiation system 412, and a 
transporting system 414. The atmosphere control system 400 controls the whole 
system to operate in a nitrogen or other inert gas environment. A gas circulating and 
purifying system is incorporated to keep the moisture level under lOOppm and the 
oxygen level under SOOpprn. Preferably, the moisture and oxygen levels are kept 
under 1 Oppm. The transportation for the panels and the cover plate between the 
above systems is performed by the transporting system 414, such as a conveyance 
belt or a mechanical arm. 

[0035] 

Referring to Figure 4, a cover plate is delivered into the atmosphere control 
system 400 from the cover plate supply system 402. The cover plate is alternately 
disposed in the dispensing system 404a and 404b, so that at least two cover plates 
can be coated at the same time. The dispensing systems 404a and 404b include the 
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dispensing system having image distinguishing property to dispense resin on the 
cover plate. The resin includes an ultra-violet curing resin. The dispensing systems 
404a and 404b comprise multiple syringes controlled by a program to automatically 
position along X, Y and Z directions for coating resin in different patterns. By 
adjusting the working distance between the laser measurements, the advantage of 
maintaining a constant amount of resin is obtained. 

[0036] The cover plate coated with resin by the dispensing systems 404a and 404b is 
then turned and stored in the turning/storage system 406. The turning/storage 
system 406 can store at least one cover plate coated with resin at the same time. The 
process waiting problems caused by inconsistent processing speed can thus be 
resolved by the buffer function provided thereby. 

[0037] Further referring to Figure 4, the cover plate is transported into the 

lamination/ultra-violet radiation system 410 to aligned with the panel with is also 
transported therein from the panel supply system 408. A pressure is then applied to 
perform lamination. 

[0038] 

Referring to Figures 5A and 5B, a pressure 504 is applied to directly laminate the 
panel 500 and the cover plate 502. The space between the panel 500 and the cover 
plate 502 is not controlled, or controlled by adding a spacer. Another method to 
control the space between the panel 500 and the cover plate 502 includes mechanical 
positioning control. A pressure 504 provided for lamination remains unchanged when 
the panel 500 and the cover plate 502 are positioned and the space remains the same. 
The aligning method for lamination includes a mechanical positioning method or 
optical charge-coupled device. The pressure source includes mechanical pressure 
source, gas pressure source or hydraulic pressure source. In addition, an ultra-violet 
light 506 is radiating while the lamination process is performed. The first stage 
exposure is thus performed on the resin between the panel 500 and the cover plate 
502. After the lamination is stable, the transporting system 51 0 transports the panel 
to the ultra-violet radiation system 512 for the second stage exposure. Meanwhile, 
the ultra-violet radiation system 512 provides an ultra-violet light for curing the resin. 
The transporting system 514 then delivers the encapsulation of the organic light 
emitting display panel into a product removal system for subsequent cutting and 
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testing. 

[0039] In this embodiment, the positions of the organic emitting display panel and the 
cover plate can be exchanged. That is, the positions of the cover plate system 402 
the panel supply system 408 are exchangeable. To save space, the cover plate supply 
system 402 and the panel supply system 408 can also be used as the product removal 
system for removing the encapsulated products. 

[0040] Referring to Figure 6, a process flow for the mass production of encapsulation for 
organic light emitting display devices is shown. The process flow includes the steps of 
cover plate supply S600, cover plate dispensed S602, cover plate storage S604, panel 
supply S606, lamination of panel and cover plate S608, first stage exposure S61 0, 
second stage exposure S612 and product removal S614. By using multiple dispensing 
systems to perform dispensing resin, the buffer function of turning/storage system, 
and two stages of exposure, the automatic mass production is obtainable. 

[0041] According to the above, the invention has at least the following advantages: 

[0042] 1. Two sets of dispensing systems are used to enhance the dispensing speed. 

When one set of the dispensing systems is under maintenance, the other set of the 
dispensing systems can provide normal operation without affecting mass production. 

[0043] 2. A laser is used to precisely measure the distance between the syringe and the 
panel or cover plate to accurately control the stability of resin. 

[0044] 3. The module design improves the convenience for maintenance and reduces the 
maintenance time. 

[0045] 4. Two stages of exposure are performed for curing the resin, so the heat for 
exposure is effectively dissipated and the exposure yield is increased. 

[0046] 5. The turning/storage system provides the buffer function to resolve the process 
waiting problems caused by inconsistent operation processes. 

[0047] 6. The syringe is automatically positioned by the X, Y and Z program, so that it is 
suitable for coating resin in various patterns. 

[0048] Other embodiments of the invention will appear to those skilled in the art from 
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consideration of the specification and practice of the invention disclosed herein. It is 
understood that the specification and examples are to be considered as exemplary 
only, with a true scope and spirit of the invention being indicated by the following 
claims. 
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